Transverse maxillary deficiency may be associated with dental crowding, compromised aesthetics and impaired function. Non-surgical correction of maxillary transverse deficiency through rapid maxillary expansion is routinely performed for young patients; however, surgical intervention is generally required for adults. An interdisciplinary treatment approach is necessary to achieve the desired treatment objectives for challenging cases. This case report demonstrates a pleasing treatment outcome for a patient with a severe maxillary transverse deficiency, significant crowding and extensive active caries.
INTRODUCTION
Facial appearance, as judged by an individual and others, has been shown to affect self-image and may also affect social and educational opportunities. 1 The influence of oral health on a person's quality of life is referred to as oral health-related quality of life. Several studies have concluded that dental malocclusion may have a negative impact on the oral health-related quality of life, which has been shown to improve upon completion of orthodontic treatment. [2] [3] [4] [5] Up to 30% of patients presenting for orthodontic treatment have discrepancies in the transverse plane. 6 The most common discrepancy is maxillary transverse deficiency or hypoplasia, which may be associated with unilateral or bilateral crossbite, a narrow palate, significant dental crowding and increased resistance to nasal breathing. 7 Maxillary hypoplasia can be corrected via distraction osteogenesis with use of a fixed rapid maxillary expansion appliance. Distraction may be achieved non-surgically through orthodontic treatment for skeletally immature patients. Skeletally mature patients generally require a surgically assisted maxillary expansion (SAME) procedure to effectively resolve a constricted maxillary arch. 8 The subject of this case report presented with a severely narrow upper arch, significant crowding and extensive active caries. Interdisciplinary discussion involving the general dentist, endodontist, oral and maxillofacial surgeon and orthodontist was required to formulate an appropriate treatment plan for this challenging case. This case report highlights the need for comprehensive diagnosis, appropriate treatment planning and the significant advantages of an interdisciplinary approach.
CASE REPORT
A 23 year old woman presented to a general dental practitioner with significant restorative and orthodontic treatment needs. Significant caries was evident in 17, 26, 27, 28, 35, 46 and 47 (Fig. 1) . The panoramic radiograph demonstrated the presence of all permanent teeth except 25, decoronated 18 and 36 with periapical infections associated with 16, 36 and 47 (Fig. 2) .
The patient was subsequently referred to an orthodontist for further assessment to determine if some of the compromised teeth could be removed in conjunction with an orthodontic treatment. The patient had expressed a desire for orthodontic treatment; however, both practitioners held the opinion that addressing the active caries was of the highest priority.
The orthodontic diagnostic assessment revealed a severe class I malocclusion with bilateral posterior lingual crossbites due to the severe transverse maxillary deficiency and an anterior crossbite of 12. Severe upper and lower crowding was evident with associated upper and lower midline discrepancies. Cephalometric analysis revealed a moderate skeletal class II base relationship with dolichofacial vertical proportions (Fig. 3) .
The orthodontist recommended that the most compromised teeth be considered for extraction to reduce the overall restorative requirements and to facilitate resolution of the severe intra-arch crowding. The primary objectives of orthodontic treatment were to correct the severe transverse maxillary deficiency in conjunction with a SAME procedure, to provide a functional and aesthetically pleasing occlusion through tooth alignment and complete closure of the extraction spaces.
Communication between the general dentist, endodontist, oral and maxillofacial surgeon and the orthodontist culminated in the final comprehensive treatment plan. This communication also determined which member of the interdisciplinary team was required to perform each respective procedure, along with the order of comprehensive treatment progression (Table 1) . Tooth 16 was required as an anchor tooth for the banded rapid maxillary expansion appliance; therefore, this tooth was endodontically treated rather than extracted. The oral and maxillofacial surgeon discussed and subsequently performed the SAME procedure and required extractions under a general anaesthetic. The patient was also advised to present to the general dentist for monitoring throughout the active orthodontic treatment phase. No breathing issues were reported at any stage; therefore, neither the orthodontist nor oral and maxillofacial surgeon requested any further specific respiratory analysis. An alternative treatment plan which does not involve any orthodontic treatment was considered ( Table 2) . Upon further reflection, it became clear that any treatment plan which did not involve orthodontic treatment would result in significant additional biological and financial costs. In addition, subsequent aesthetic and functional compromises would be inevitable. This information is summarized in Table 3 .
General dental management
The general dentist provided a total of 19 restorations prior to commencement of the orthodontic treatment. Several teeth were temporarily restored with Fuji IX GP â (GC America Inc., Alsip, Illinois, USA) due to this material's fluoride releasing properties and subsequently restored with composite resin. The patient significantly reduced her intake of high sugar acidic beverages, which was determined to be the major aetiological factor contributing to the widespread caries. Professional application of topical fluoride was performed and use of Neutraflour â 5000 Plus Toothpaste (Colgate Oral Pharmaceuticals, Canton, Massachusetts, USA) was recommended for use leading up to and throughout the proposed orthodontic treatment.
The patient was seen periodically during her orthodontic treatment to reassess the restorations and caries risk, to perform subsequent professional topical fluoride application and removal of calculus. Sixmonthly general dental examinations have been recommended for this patient into the future. In the long-term, a full coverage restoration would be recommended for any tooth requiring endodontic treatment.
Pre-orthodontic referral was made to an endodontist to assess 17, 16 and 26. An abscess was evident in the buccal sulcus in the 16 and 17 region.
Endodontic management
The buccal abscess was tracked to 16 and endodontic treatment was subsequently performed on this tooth. The canals were debrided and irrigated with a combination of 4% NaOCl, 17% ethylenediaminetetraacetic acid, 5% chlorhexidine and ultrasonication. Obturation was carried out using gutta-percha and AH Plus (Dentsply Sirona, York, Pennsylvania, USA). The access cavity was subsequently closed with a glass ionomer temporary restoration (Fig. 4) . The 17 and 26 teeth were significantly decayed; however, both of these teeth provided responses to pulp tests within normal limits. The endodontic options for these teeth were explained to the patient; that is, to carry out elective endodontic treatment or caries-free these teeth, appropriately restore and monitor. The latter of these endodontic options was chosen by the patient.
Orthodontic treatment progress
Due to the severity of the maxillary transverse discrepancy, two separate banded rapid maxillary expansion appliances were used. Each expansion appliance had a transverse screw size of 7 mm.
Active maxillary arch expansion was performed over a period of 5 months and the expansion appliance remained in situ for a total of 9 months. Full arch upper and lower braces were placed 2 months after the commencement of rapid maxillary expansion (Fig. 5) . Following the removal of the expansion appliance, conventional bonded molar tube attachments were placed (Fig. 6 ) and the remaining orthodontic treatment was completed without incident. All extraction spaces were closed, with 38 and 48 aligned into functional positions. The 16 tooth remained asymptomatic following the endodontic treatment and was not negatively affected by the rapid maxillary expansion procedure. No new carious lesions were detected and the patient maintained excellent oral hygiene throughout her orthodontic treatment. A progress panoramic radiograph (Fig. 7 ) and cephalograph were obtained (Fig. 8) . A pleasing functional and aesthetic outcome was achieved (Fig. 9) ; however, slight discolouration of 21 was noted during and following the orthodontic treatment. Fortunately, 21 has not exhibited any signs or symptoms of significant endodontic compromise. The 16 and 21 teeth are subject to periodic review by the general dentist and endodontist. Upper and lower fixed stainless steel retainers were placed on the anterior teeth. The loop design of these fixed retainers facilitate flossing between these teeth compared with a straight wire retainer. The overall treatment duration was 22 months. The anterior smile aesthetics demonstrated significant improvement (Fig. 10) . Due to the significant active expansion of the maxillary arch ( Fig. 11 and Table 4 ), an upper removable Hawley retainer with complete palatal coverage was issued to prevent relapse in the transverse dimension post-treatment. A clear vacuum-formed removable retainer was issued for the lower arch. The patient was instructed 
Surgically assisted maxillary expansion is required to correct the severe maxillary transverse deficiency in conjunction with comprehensive orthodontic treatment 18 and 36 are unrestorable and require extraction Extract 27, 36 and 47 to significantly reduce the overall restorative requirements and provide adequate space to resolve the significant intra-arch crowding with orthodontic treatment All surgical procedures are to be performed under a single general anaesthetic Orthodontic component (orthodontist) A banded rapid maxillary expansion appliance to be used in conjunction with the surgically assisted maxillary expansion procedure to correct the severe maxillary transverse deficiency Full fixed orthodontic appliances are to be placed following satisfactory maxillary transverse correction All residual extraction spaces are to be closed through orthodontic tooth movement, which significantly reduces the overall restorative and prosthodontic requirements The aims are to provide pleasing anterior smile aesthetics and an improved posterior occlusal interdigitation with the minimum possible biological risk and minimum possible financial cost to the patient Inclusion of comprehensive orthodontic treatment into the overall treatment plan can effectively resolve the significant intra-arch crowding, improve the discrepant occlusal relationship and significantly reduce the number of required restorative and endodontic procedures. All teeth with large pre-existing carious lesions must be monitored for future endodontic decline Endodontic component (endodontist) Root canal therapy for 16, 27 and 47 is required to maintain these teeth Accept the need for future full-coverage crowns for 16, 27 and 47 to reduce the risk of tooth fracture and to provide an effective long-term coronal seal Surgical component (oral and maxillofacial surgeon) 18 and 36 are unrestorable and require extraction Surgically assisted maxillary expansion (SAME) is required to correct the severe maxillary transverse deficiency in conjunction with comprehensive orthodontic treatment Without a SAME procedure and orthodontics, a compromised occlusal scheme must be accepted Prosthodontic component (general dentist and/or prosthodontist) Post-endodontic full-coverage crowns are required for 16, 27 and 47 to reduce the risk of future tooth fracture and to provide an effective coronal seal Posterior fixed bridge using 35 and 37 as abutments (this option is acceptable given that 35 requires restoration due to the preexisting caries) Alternatively, a restorative implant replacement for 36 may be considered (to avoid additional tooth preparation for 35 and 37, which is required for a fixed bridge) Prosthodontic procedures to disguise the severe anterior malalignment are strongly contraindicated due to the need for removal of excessive tooth structure and likely requisite endodontic treatment A poorly interdigitating occlusal scheme may result in unpredictable stress on any restored teeth, which may subsequently affect their longevity It is clear that any treatment plan for this patient which does not involve a surgically assisted maxillary expansion and comprehensive orthodontic treatment will result in significant additional biological risk and financial costs. In addition, subsequent aesthetic and functional compromises are inevitable. All clinical procedures involve some form of biological risk and financial cost; however, inclusion of orthodontic treatment into the final treatment plan can greatly facilitate a favourable outcome from the cost-benefit perspective.
to wear these removable retainers nocturnally for an indefinite time period.
DISCUSSION
Patients may present with a malocclusion demonstrating discrepancies in the horizontal, vertical and transverse dimensions. Significant transverse maxillary deficiency may be associated with aesthetic compromises and also impaired function. Masticatory efficiency and the mode of breathing have the potential to be negatively affected. 8 A detailed clinical and radiographic evaluation is necessary for comprehensive diagnosis and appropriate treatment planning. 9 Patients with immature skeletal maturity can be successfully treated with non-surgical rapid maxillary expansion as the mid-palatal suture has not fused. It has been reported that non-surgical rapid maxillary expansion is predictable up to the age of 15 years in females and 16 years in males. 8, 10 For adults and skeletally mature adolescents, surgically assisted maxillary expansion is required to achieve predictable outcomes. Orthodontics in isolation will result in significant dental tipping with little or no skeletal expansion. This may result in bending of the alveolar bone and gingival recession secondary to dehiscence or fenestration and also an expectation of significant transverse relapse. 10 An exception would be cases where maxillary expansion of less than 5 mm is required and where dental tipping alone can effectively resolve the discrepancy and the patient has good periodontal health. 10 Pretreatment evaluation of the curve of Monson is important in such cases.
The SAME technique is based on the concept of distraction osteogenesis with controlled soft tissue expansion. 11 The intention is to mimic the fracture healing process by controlled separation of the hard palate via an osteotomy at the mid-palatal suture. A distracting expansion appliance is used to stretch the osteotomy site. The application of this force triggers the biological process of new bone formation between the segments, which in turn increases the overall length of the bone. 12, 13 Palatal, anterior and lateral corticotomies are performed prior to the expansion as this reduces the bony resistance to expansion. Overall, Fig. 4 A post-obturation periapical radiograph of the endodontically treated 16 tooth.
Fig. 5
Progress intraoral photographs following 2 months of maxillary arch expansion with a banded rapid maxillary expansion (RME) appliance. This is the second RME appliance in place. Upper and lower braces were placed on this day.
this procedure is similar to a LeFort 1 osteotomy without the down-fracture. 14 Recovery from surgery is generally without incident and in most cases the patient is released within 24 hours. Oral analgesics are generally administrated. 11 Significant postoperative complications are uncommon.
An alternative to SAME is a segmental maxillary osteotomy, which may be considered when correction in more than one dimension is required. If transverse expansion of more than 7 mm is required, however, the SAME procedure is more stable and a second osteotomy may be performed later to correct the remaining deformities. 10 The dimensional relapse rate of surgically assisted maxillary expansion has been reported to be between 5% and 25%. 9, 15 Further longitudinal studies are required to verify the long-term stability of this procedure. It would seem appropriate to provide a slight overcorrection of the transverse expansion in expectation of some relapse. A consensus on the cause of relapse is lacking. It has been suggested that negative forces from the buccinators and risorius muscles may contribute to this relapse as their anatomical orientation prevents their elongation in line with maxillary expansion. 8, 16 Dimensional support of the expanded maxillary arch may be improved through appropriate arch coordination and interdigitation with the opposing mandibular arch. 11 In addition, an upper removable retainer with complete palatal coverage (e.g. Hawley retainer) should be worn nocturnally and indefinitely to reduce the relapse potential. There are several reasons why a clinician may consider recommending extraction of permanent teeth in conjunction with comprehensive orthodontic treatment. Such reasons may include any or a combination of the following factors: moderate to severe intra-arch crowding; significant incisor protrusion with lip procumbency; a significant dental midline discrepancy; and anterior open bite tendency. Premolar teeth are most commonly recommended for extraction with orthodontic treatment due to their convenient position in the middle of the dental arch and less cosmetically sensitive location. Extraction of permanent molar teeth is less common as the extraction space requiring space closure will be larger and is often more technically demanding for the orthodontist. It is easier to justify extraction of compromised molar teeth with questionable long-term prognosis in conjunction with comprehensive orthodontic treatment. 17 Appropriately planned treatment, as outlined in this case report, can lead to pleasing aesthetic and functional outcomes.
CONCLUSIONS
This case report demonstrates how comprehensive diagnosis, interdisciplinary collaboration and carefully considered treatment planning can greatly improve both the smile aesthetics and occlusal function of a patient with significant dental treatment needs. Some of the long-term restorative needs have been reduced or eliminated through the judicious removal of severely compromised molar teeth in conjunction with the planned fixed appliance orthodontic treatment. The surgically assisted maxillary expansion procedure was required to correct the severe maxillary transverse deficiency and to permit satisfactory inter-arch coordination. Maxillary inter-molar measurements were made from the respective mesiobuccal cusp tips. Mandibular inter-premolar measurements were made from the respective buccal cusp tips (mandibular intermolar measurements were not accurate due to decoronation of 36). Intercanine measurements were made from the respective cusp tips.
